INTRODUCTION
Most of the morbidity and mortality that arise from malignant disease is due to metastasis. The commonest site of metastasis is the lung, followed by the liver and bone. Bone metastasis is present in almost all cancers; it presents most frequently in prostate, lung and breast cancers. Metastasis to the bone also occurs in other cancer types, including carcinomas of the melanoma, kidney and bladder. (1) The presence of metastatic bone disease can dramatically affect a patient's quality of life due to increased pain, impaired mobility, increased incidence of fractures and spinal cord compression. Patients with advanced breast and prostate cancers would eventually develop bone metastases as their disease progresses. In breast and prostate cancers, the symptoms related to metastasis are frequently the first indication of disease. (2) It is, however, difficult to quantify the prevalence of bone metastases, as the incidence is affected by the sensitivity of diagnostic tools and the duration of patient survival. Bone pain is highly suggestive of bone metastasis in patients with cancer. Some patients may present with pathological fractures and their associated complications (e.g. neurological impairments in spine metastasis). The spine is infamously known to be the most common site of skeletal metastasis. 
METHODS
We conducted a retrospective review of cases of metastatic bone disease in University Malaya Medical Centre (UMMC), a tertiary referral centre in Malaysia, over a five-year period. All patients who were referred to the Orthopaedic Oncology Unit of UMMC for bone metastasis from 1 January 2004 to 31 October 2009 were included in the present study. Data was obtained from the medical records of UMMC, and when necessary, patient survival data was obtained via telephone calls to the patients, their family members, or from the National Registration Department of Malaysia. The aim of the present study was to create a local profile of patients with bone metastatic disease, with regard to the disease epidemiology, as well as to study the outcomes and results of various forms of management of the disease. We also aimed to determine the survival time of the different types of metastatic bone cancer seen at UMMC.
Patients who had (a) a histologically proven primary tumour that was present with metastasis; (b) an unknown primary cancer with histologically proven bone metastasis; or (c) known primary cancer and radiologically proven bone metastasis were included in the study. Patients with primary bone cancers (e.g. osteosarcoma, Ewing's sarcoma and chondrosarcoma) and insufficient data in their medical records were excluded.
Data collected included patient demographics (e.g. patient's gender, ethnicity and age at presentation) and clinical data (e.g. symptoms at presentation, type of cancer, site of metastasis, functional status, complications). Patients who presented with long bone metastasis and fracture were assessed using the Mirels scoring system, (4) to determine the relationship between Mirels score and the incidence of fracture. Survivorship was tested using Kaplan-Meier and P Weirs statistical analyses. The end point used Incidence and outcome of bone metastatic disease at University Malaya Medical Centre to determine the survival rate was death. All statistical analyses were performed using the IBM Statistical Package for the Social Sciences software version 21 (IBM Corp, Armonk, NY, USA).
RESULTS
From 1 January 2004 to 31 October 2009, a total of 204 patients were diagnosed with metastatic bone disease and referred to the Orthopaedic Oncology Unit of UMMC. Of these 204 patients, only 151 patients who had complete records were included in the present study. A majority of the patients were of Chinese ethnicity (51.0%), followed by Malay (30.0%), Indian (18.0%) and other races (1.0%). This is representative of the demographics of all the patients who presented to UMMC during that time period. The gender distribution of the 151 patients was almost equal (51% men, 49% women). The mean age of the patients was 68 years. Most of the patients were aged 40-79 years, and the highest incidence of metastatic bone disease occurred in patients aged 50-59 years ( Fig. 1) . The youngest was an 18-year-old male patient with metastatic anaplastic meningioma.
Breast cancer (23.2%) was the most common primary cancer, followed by lung (21.2%), prostate (9.3%) and thyroid (7.3%) cancers, and renal cell carcinoma (5.3%). The incidence of primary tumours of unknown origin was an infinitesimal 6.6% (Table I) .
We observed a male predominance in lung cancer (n = 21, 65.6%), nasopharyngeal carcinoma (n = 4, 57.1%), renal cell carcinoma (n = 6, 75.0%), oesophageal cancer (n = 1, 100.0%), colorectal cancer (n = 4, 66.7%), malignant melanoma (n = 1, 100.0%), thyroid cancer (n = 5, 45.5%) and multiple myeloma (n = 3, 75.0%). A female predominance was observed in tongue cancer (n = 1, 100.0%), squamous cell carcinoma (n = 1, 100.0%) and anaplastic meningioma (n = 1, 100.0%).
More patients presented with long bone metastases than axial bone metastases. Of the 151 patients, 65 (43.0%) presented with isolated long bone metastasis, 61 (40.4%) with axial bone metastases and 25 (16.6%) with both long and axial bone metastases. Most of the patients received a combination of treatments for metastatic bone disease. The treatment typically consisted of surgery, chemotherapy, radiotherapy and hormonal therapy. Surgery performed to treat the primary tumour (e.g. mastectomy and thyroidectomy) was not considered part of the treatment for metastatic bone disease. The orthopaedic team performed surgical fixation for therapeutic and palliative reasons in 62.0% of patients. Surgical procedures included decompression and stabilisation procedures for spinal metastasis, curettage and cementation for long bone metastasis, and long stem total hip replacement surgery for proximal femur metastasis.
Pain at presentation and post treatment was recorded. At the time of presentation, a majority of the patients (90.1%) had symptomatic pain. Bone metastasis was an incidental finding in 9.9% of the patients. In our study cohort, pain of variable severity was the commonest symptom of metastatic bone disease. The severity of pain at presentation was graded according to the American Cancer Society Pain Severity Scale. (5) Of the 151 patients, 32.9% had mild pain at presentation, while 33.6% and 23.2% had moderate and severe pain, respectively. The severity of pain improved after treatment, with about 33% of the patients experiencing no pain, 59% having mild pain, 7% having moderate pain, and only 1% having severe pain.
Of the 151 patients, 106 (70.2%) presented with pathological fractures; 52.7% had long bone fractures, 44.5% had axial bone fractures, and 2.8% of patients had both axial and long bone fractures at the time of presentation. When these fractures were evaluated using the Mirels scoring system, (4) 88.7% of the Table II) .
Neurological deficit was assessed with the Frankel grading system. (6) Among patients who presented with axial bone metastasis alone, or together with long bone metastasis, 90.7% (78/86) had some degree of neurological deficit at the time of presentation. Of these 86 patients, 4 (4.7%) were classified as Table III) .
The functional status of patients was assessed using the Brice and MacKissock grading scale. (4) At presentation, 14.6% of patients had normal functional status (grade 1), 26.5% were able to ambulate with support (grade 2), 58.9% were able to sit up only (grade 3), and none was completely bedridden (grade 4). Post treatment, there was significant improvement in the functional status of the patients -grade 1: 34.4%; grade 2: 45.7%; grade 3: 19.9% and grade 4: 0% (Table IV) .
Of the 151 patients, 62 (41.1%) had visceral metastasis and 89 (58.9%) had metastasis confined to the skeletal system. Most of the bone lesions observed were osteolytic (67.8%) in nature, while the rest were either sclerotic (24.3%), or mixed osteolytic and osteosclerotic (7.9%).
Patients with primary breast cancer had the longest mean survival time (21.0 months), followed by those with thyroid (20.7 months) and prostate (20.3 months) cancers. Patients with primary lung cancer had the shortest mean survival time (16.0 months). The mean survival time of patients with unknown primary cancer was 32.6 months, while the cumulative mean survival time of all the other cancers was 28.4 months ( Table V) . The Kaplan-Meier survival curve of our study cohort is shown in Fig. 2 . The end point of survival was taken to be death.
The mean survival time of male patients in our cohort was 27.9 months, while that for female patients was 21.0 months (p = 0.03). The mean survival time was 24.8 months for patients with long bone skeletal metastases, 27.7 months for patients with axial bone skeletal metastases, and 18.4 months for patients with both long and axial bone skeletal metastases -the last group of patients had a statistically shorter mean survival time than the first two groups (Fig. 3) .
The survival times of patients with respect to pathological fractures were as follows: no pathological fracture -28.6 months; long bone pathological fracture -20.9 months; axial bone pathological fracture -26.4 months; both long and axial bone fractures -13 months. There was a statistically significant difference in the mean survival times of patients who presented without any pathological fracture and those who presented with long bone pathological fractures (Fig. 4) . Patients with extraskeletal metastases survived for an average of 24 months, whereas patients without extraskeletal metastases survived for an average of 31 months. This difference was statistically significant (p = 0.001, Fig. 5 ). On Cox regression analysis of all the risk factors studied, only the presence of extraskeletal metastasis (p = 0.05) and type of primary cancer (p = 0.034) were found to be significant. Factors such as gender (p = 0.421), site of metastasis, i.e. axial vs. long bone (p = 0.771), and the presence of pathological fractures (p = 0.838) were not significant. 
DISCUSSION
Over the years, the number of patients who present with metastatic bone disease has been increasing. This could be attributed to longer duration of survival due to advancements in cancer treatment, greater awareness among patients and better detection of metastatic disease. The skeletal system is the most commonly affected organ in metastatic disease, and it is also known to be the site of metastasis that incurs the highest morbidity.
This study included 151 eligible patients who were diagnosed with metastatic bone disease from 1 January 2004 to 31 October 2009. All cases were retrospectively reviewed and the outcomes analysed. The gender distribution in our study population was almost equal (51% male, 49% female; ratio 1:1). Among female patients, breast cancer was the most prevalent primary cancer, while that of male patients were lung and prostate cancers. The age distribution of our cohort was largely based on the type of primary tumours of the patient. The highest incidence of metastatic bone disease was observed in patients aged 50-59 years, followed by patients aged 60-79 years. Even though most of our patients were of older age, one patient was only 18 years old. Therefore, metastatic bone disease should still be considered in the differential diagnosis even among younger patients who present with bone lesions.
Bone metastasis tends to occur more frequently in certain primary cancers. Coleman showed that close to 80% of advanced breast and prostate cancer patients would eventually develop skeletal metastases.
(1) Similarly, a postmortem study by Harrington (8) reported high incidences of bone metastasis in breast and prostate cancers (84%) and much lower incidences in other primary cancers such thyroid (50%), lung (44%) and renal (37%) cancers. (8) This could be due to the slow progression of breast and prostate cancers, allowing greater opportunity for the development of metastasis.
It has been reported that breast, lung and prostate cancers commonly metastasise to the spine, as they have a higher prevalence and predilection toward bone metastasis. (7) In our cohort, there was a lower percentage of bone metastasis for prostate cancer compared to breast and lung cancers. This could be due to the low number of patients with prostate cancer referred to our unit. In our study, the primary cancers with the lowest incidence of metastatic bone disease were carcinoma of the larynx, ovarian cancer, oesophageal cancer, tongue cancer, squamous cell carcinoma, parathyroid cancer, endometrial cancer and malignant melanoma; only one case of metastatic bone disease was found in each of these primary cancers. Other primary cancers included hepatocellular carcinoma, lymphoma, testicular cancer, colorectal cancer, basal cell carcinoma and anaplastic meningioma.
Metastasis is more prevalent in the axial skeleton compared to the appendicular skeleton, as the former has a higher percentage of red bone marrow. The areas commonly involved are the ribs, pelvis and spine. This is partly due to Batson's vertebral venous plexus, which bypasses the lung circulation.
(1,7) A cadaver study by Sundaresan et al has demonstrated that 30%-90% of patients with terminal cancer had spinal metastasis. (9) In the present study, there was a marginally higher incidence of long bone metastasis than axial skeleton metastasis. This could be due to the fact that, in our centre, patients with extensive axial skeletal metastasis are not deemed suitable for surgical intervention, and are thus directly referred to the palliative team.
In general, two types of pain are experienced by patients with metastatic bone disease. The first is an ongoing pain that is dull and aching, or throbbing in nature; the severity of this type of pain increases over time. The second is a movement-evoked breakthrough or episodic pain, which is more acute in nature and often presents as spontaneous and intermittent exacerbations of pain or pain that is initiated by movement of the affected bone. (10) The origin of pain associated with bone metastasis can be biological or mechanical. (11) Biological pain is caused by the local release of cytokines and chemical mediators by tumour cells, periosteal irritation, or stimulation of the intraosseous nerves. Mechanical pain is due to pressure or mass effect of the tumour tissue within the bone, with the weakening of bone strength giving rise to activity-related pain. Although mechanical pain is common in osteolytic lesions, it is also present in osteoblastic lesions. This is due to the structural compromise of the affected bone. (11) Pain is the principal symptom in patients who present with metastasis, (1) and metastasis pain is the commonest symptom in metastatic bone disease, necessitating treatment. (12) Pain is experienced by 30%-50% of all cancer patients, and pain that is life-modifying is experienced by 75%-90% of patients. (10, 13, 14) Bone pain caused by cancer is a challenge to treat.
(15-17) Tillman et al reported a 70% incidence of pain in patients with bone metastasis, describing it as dull in character and constant at night. (18) In the present study, the majority of our patients (90.1%) presented with pain as the primary symptom, consistent with the findings of most previous studies.
However, we opine that if metastatic bone disease is detected early and treated well, pain and other skeletal complications can be reduced, improving the patient's quality of life. In our study, most of the patients who underwent surgical procedures for both therapeutic and palliative purposes had significant reduction in pain and other skeletal complications. Out of the 93 patients who underwent operative treatment, about 75% of patients saw a reduction in their pain score and 50% became pain-free after surgery.
In metastatic bone disease, the most severe disabilities are caused by long bone fractures and tumour extension into the spinal cord. Pathological fractures begin as stress fractures and progress to complete fractures, which can severely affect the quality of life of patients with advanced disease. Chow et al reported that 10%-20% of such patients will have fractures of the weight-bearing long bone, while 5% will have spinal cord or nerve-root compression.
(12) Therefore, if we are able to predict the potential sites of fracture in metastatic bone disease, prophylactic surgery can be carried out to overcome any potential complications.
Mirels developed a scoring system for diagnosing impending pathologic fractures based on the site, nature and size of lesion, and symptoms; (4) a score > 7 indicates that surgical intervention is recommended and a score > 10 indicates a fracture risk of more than 50%. (18) In 1991, a study by Nielsen et al (2) showed that 10%-30% of their cancer patients developed pathological fractures, mostly with involvement of the proximal parts of the long bones, especially the femur. If solid tumours were involved, the majority of all pathologic fractures occurred in patients with breast cancer (60%), with only 10% occurring in patients with lung cancer. Major complications were encountered in one-third of these patients, 17% of whom required orthopaedic intervention. Of these 17%, two-thirds of the cases involved femoral metastases.
(2) A study by Kunisada et al (19) on 40 patients with periacetabular metastasis reported that the proximal femur was the most common site of pathological fracture requiring surgery. The authors recommended surgical treatment except when the surgical risks outweighed the benefits (e.g. surgery is not recommended for patients with a life expectancy of less than six weeks, and in bedridden patients). (19) In the present study, our results concurred with the recommendations of Mirels. The higher rate of axial and long bone pathological fractures in our cohort (as compared to other studies) could be due to the fact that only patients who required surgical intervention were referred to our orthopaedic oncology unit. Surgical intervention is usually performed for the following indications: (a) prophylactic fixation of the involved bone when there is a fracture risk; (b) pathological fracture stabilisation; and (c) spinal decompression with or without stabilisation, if there is neurological deficit.
Neurological deficit is commonly present in cancer patients with bone metastasis. Spinal cord compression, for instance, is a medical emergency that requires urgent attention. Patients with spinal cord compression usually present with weakness, paralysis and sensory impairment. Late manifestation of spinal cord compression typically presents as urinary retention, incontinence and impotence. Lesions involving the conus medullaris can result in early autonomic dysfunction of the bladder, rectum and genitalia. In Posner et al's study, motor dysfunction was found to be the second most common presentation of patients with vertebral metastasis, with 60%-85% of patients showing some motor weakness. (20) Early diagnosis, before the development of neurological deficit, is therefore essential, as it is correlated with better prognosis, especially in patients who present with spinal cord compression secondary to vertebral collapse. In a retrospective analysis of breast cancer patients with spinal cord compression (96% had motor weakness, 94% had pain, 79% had sensory disturbance, 61% had sphincter disturbance), Schaberg and Gainor found that 91% of patients with spinal metastasis had at least one symptom for more than a week and 96% of those who were ambulant prior to treatment maintained their ability to ambulate after treatment. (3) In all, 51.7% (78/151) of our patients had some neurological deficit at presentation and about 40% had poor motor function at presentation. The neurological status of our patients improved significantly after treatment. Of the 92 patients who underwent surgical treatment, 78 had neurological compromise before surgery. Among these patients, 42.3% (33/78) saw an improvement in their neurological status by at least one Frankel grade. The number of patients who had no useful motor function (i.e. Frankel B and C) at presentation was reduced from 34 to 19 after treatment. The number of patients who became free of neurological symptoms after treatment also improved from 8 to 24 patients. In our cohort, only 14.6% of the patients had normal functional status at presentation, while 26.5% were able to ambulate with support and 58.9% were only able to sit up. Post treatment, we likewise found considerable improvement in the functional status of our patients.
On radiography, metastatic bone disease can appear osteolytic, osteoblastic, or both. While a majority of spinal metastatic lesions are osteolytic, up to 50% of the bone must be eroded before a conspicuous change can be noted on plain radiographs. Osteoblastic or osteosclerotic lesions are commonly seen in carcinomas of the prostate and breast. (21) Pathological fractures are commonly seen in patients with breast cancer due to the mainly lytic nature of the lesions. They are, however, infrequently seen in patients with lung and prostate cancers, as the survival rate is short in the former and the lesions are mainly osteoblastic in the latter. On plain radiographs, lytic lesions must be at least 1 cm across and affecting 30%-50% of bone density to be clinically detectable. (4) Breast and lung cancers usually present with osteolytic lesions, while prostate cancers frequently present with sclerotic lesions. The majority (67.1%) of our patients had lesions that were osteolytic in nature. Sclerotic lesions accounted for 24.3% of the observed lesions, while 7.9% of the lesions were a mixture of osteolytic and sclerotic densities. These findings coincide with the high incidence of breast and lung cancers, and the low incidence of prostate cancer among our patients.
Metastasis is now considered a chronic disease, and with the advent of new modalities of treatment, the lifespan of patients with metastatic disease has also improved. The survival of patients with metastatic disease is generally dependent on the type of primary tumour. For instance, patients with primary breast or prostate cancer may survive for years, while patients with primary lung cancer usually have shorter survival. In an Asian study, Tatsui et al (22) reviewed the survivability of 425 patients with spinal metastasis detected by scintigraphy. The survival rate at one year was 83.3% for prostatic cancer, 77.7% for breast cancer, 51.2% for renal cancer, 44.6% for uterine cervical cancer, and 21.7% for lung cancer. The major prognostic factors were visceral metastases and grade of primary malignancy. (22) In the present study, the mean survival time for lung cancer was 16 months, which is better than that reported in other studies -Tsuya et al: 6.2-12.2 months; (23) Coleman: 6-9 months. (1) This improvement in survival time may be attributed to the advancements in chemotherapy treatment. For breast cancer, the mean survival time in the present study was 21 months. This is in keeping with those published in other studies -Paterson et al: 2-3 years; (24) Koenders et al: 34 months;
Coleman: 19-25 months.
(1) The mean survival time for prostate cancer was 20.3 months in the present study, which is comparable to Coleman et al's findings (median 12-53 months), (1) but differs from Saad et al's findings (median 2-3 years depending on hormone responsiveness). (26) For thyroid cancer, the present study showed a mean survival time of 20.7 months. In a review of 146 patients with thyroid cancer and bone metastasis, Pittas et al reported an overall survival of ten years in 13%-21% of patients, (27) while Coleman reported a survival period of 48 months.
(1) As the aforementioned findings show, the longer duration of survival among cancer patients could have given rise to a higher incidence of skeletal complications.
Unknown primary cancer, defined as histologically confirmed metastatic carcinoma that occurs in the absence of a detectable primary cancer, (28, 29) is one of the ten most common cancers, accounting for 3%-5% of all malignancies in humans. (28) It is the seventh to eighth most common cancer worldwide and the fourth most common cause of cancer-related death. (28) In a retrospective study, Shaw et al (30) reviewed all patients with a diagnosis of unknown primary cancer in a single cancer centre over 12 months. Their patients were grouped based on performance status and the presence or absence of liver metastases; patients with a performance status of 0 or 1 and no liver metastases survived the longest (15 months), whereas those with liver metastasis survived for only three months. (30) In the present study, the high mean survival time of unknown primary cancer (i.e. 32.6 months), which is almost double that of the other studies, could be attributed to the small sample size.
In the present study, the mean survival time of other primary cancers was 28.4 months. Other primary cancers, which made up 27.1% of all primary cancers, included carcinoma of the larynx, hepatocellular carcinoma, lymphoma, ovarian cancer, testicular cancer, oesophageal cancer, colorectal cancer, tongue cancer, parathyroid cancer, squamous cell carcinoma, multiple myeloma, basal cell carcinoma, anaplastic meningioma, endometrial cancer, nasopharyngeal carcinoma, cervical carcinoma and malignant melanoma.
The presence or absence of visceral metastases to vital organs is critical for the prognostication of patients with bone metastases, a disease that is often considered a general condition. Several studies have reported that patients with visceral metastases to vital organs have worse prognoses than patients without visceral metastases to vital organs.
(1,31,32) In Coleman's study, which involved a review of 367 patients with breast cancer and bone metastasis, the median survival time of patients with extraskeletal metastasis was 1.6 years, while that of patients with only bone metastasis was 2.1 years. (7) In Kuru et al's retrospective study involving 470 patients, 17% of patients had solitary skeletal metastasis, 22% had multiple skeletal metastases, and 61% had visceral metastasis. The group with solitary bone metastasis had the best survival at five years (73%) followed by the groups with multiple bone metastases (46%) and visceral metastasis (22%). (33) The results of Swenerton et al's study (34) concur with those of Kuru et al's. Similarly, our findings confirm the relationship between extraskeletal metastases and short-term survival (mean survival time: without skeletal metastases 28.8 months; with skeletal metastases 18.6 months).
It has been suggested that the rate of skeletal complications in bone metastasis may be related to the level of bone resorption. In Brown et al's study, (35) the bone resorption markers of 121 patients with metastatic bone disease who were receiving regular bisphosphonates were measured monthly; the level of bone resorption was found to be strongly correlated with the number of skeletal-related events and/or deaths. (35) In terms of the mean survival time of bone metastasis patients with or without skeletal-related events, our study found that patients without pathological fractures (28.6 months) had a longer mean survival time than those with pathological fractures (long bone 20.9 months; axial bone 26.4 months). Likewise, Tsuya et al's Asian study of 259 patients with non-small cell lung cancer in stages III and IV found that patients with skeletalrelated events (pathological fractures, spinal cord compression, hypercalcaemia and palliative radiation therapy) had shorter survival times than those without skeletal-related events (mean survival time: 12.2 vs. 6.2 months). (23) In conclusion, the present study showed that the presence of extraskeletal metastasis was the most important predictor of survival in our study cohort, followed by the type of primary cancer. Factors such as gender, site of the metastasis and presence of pathological fractures were not significant. With the ongoing advancements in cancer treatment, patients with metastatic bone disease are surviving longer, thus making them more susceptible to bone-related complications. Surgical treatment for both curative and palliative purposes can contribute to an improved quality of life in these patients. However, the survival time of these patients largely depends on the type of primary cancer and whether systemic metastasis is present.
